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* I u.~s IVIED
11MUKA11M O? A aTISiE Or XATURAL CWZTER *-~

Of L-BAN RADAR

rar a amatAber of y-aMa radare - spec=aUy coastal radars haew bee. aberewd to daAiap
at vomr =4 abS mdium a-~ea mb"Y targets thati do not seem to comeads With am aacfI rwle

sojects. A great umay of these targets arc naat removed by movwing target isdicator UAiiT3ch

a~qua.m and theme often appears to be Little scam-to-bacn ecoereace. The0 larget" are Usuallys

masmeous in a coasstl radar that the inernmoat portion of the pLa pomatiou ssdicat~ 4PML. we

Im, 20or 30 Lauuical sides as radars of di. types used mADC. 1. im useful inmuw.Jbof or

nitercept direcum either with a ummas &yslem musng humum operators or witf am tict data-

processing system such as SAGV. in a mainual system, te lbolve an The .s adicoverage ima be

*officially recognized mid rejected ar at may be ignored unconaciously hut. ut either came. -h

* Ioperator firids 2t impossible soetrack ary but very Large aircraft is regions exhihatims these la-

gets. Decmise the itnumhes of muck targets is so laNCe an to shatrate the can*~r m 5.AE -~

central area of the PPI must be 'cuped.* that is. the dat.ar rvejecte from the m are" 6141511

thy enter the com~ule. A.'thaa ija manual psytem the large awcraf may be trach by miimI

Uarger mreturs. this procesasas Limited because of the s resicrd *'nm cmserage 49 the popo
u ses inthe PPlascpe.

Sensitivity time control OWTL which causes the "a to vasy as a fisactia t ofrange aseacv

*bnerpulse interval iii aldor to reect smaul targets. often iinprome the akftiatie. for baft m1w~

Sand saroinatic systems. N the v" as made toa low MSatnIr rmege. haw"Or. th oe reu lt JSm)

* ~frequently to remoave the aircraft retains as well an the Indsired targets. lessiae the cewa -

paruai of the PPI quite clean. but still preventing tracking through the area. St is therefam

* importanl that iii. ahapme and --mmmnta of toe STC waveform, be quite caretally controlled -

order to conform to the raaag deprodmsue at the targets to be -emoved

* 3~~. THE BMIRD ENTMfCATEK E"MPERIND

- ~A. Targe CarmacmetAke

rigure 2 shows the PU'! dap~ay of an IL-band (130 iM cpal evstal radar on Cape Cod 411 a
* rpacal day. The range marks are at a spacing of 10 a~mi. wth fwul scale at SO andW. Tha n-

a matinal vide. presentation =ar tuch the land area of Caps Cod appars. Tie mandind of Mas-h_ -

sackaseftt appears at a range of about ZS m.mi. to ibL m -st of the mo.* .ad cuts off at slightly -

greater rarges because of *be radar bor~m. The nsa.:.tresvsbeevrtewtrai

awe the undesired targets under &iseassion. The'rang at abount G a.mi. is caused by large ftrnd3 9

targets av Pros innvtown. an the tip of .he Caps. which are v- ailbI an the side and back labsa.

F~gae &. taken within a few in.-rtsa ot rig. s. shown the sameo are %a*t 111 preomealsa. A

* great nutr~lar of targets are st::; vasbý*. al~tough the land areas have been rmov"ed aucb&

mie i
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Is ___ __low

fil .P lwG~s"o ;OfeeFg.2 Mpeewls, II~lv~ ae
AN~PS3 odo o Sw*Trwjl-oap. wgoIN~ly61 Fg.I cli;6I.

This 1. typeriaxsistwaa hielu awith as. ft.. -1 rad. sh.o lowe prtou %al i a vertc al~u

indicadteso tatpointlyV ut'srps the ~41a ui~mn egr.Ikorfaat ate itd rs lowear Iasr.~t sihe uperts

beam.1.o approxemaely Vew m isg tarett 4js t ~q Abover thvie r beams. of s thufndeit e d S jtaretas-

were visible om the lower beam but were not oda,.rved arn the upper beam. !a Wer~ portsotla of

th. experimnilst. an AN/FPS-20 iaaa userd.

Questiouning the operating and maiatvisance personnel at a radar sate as to %he identity of

these targets usaa~lly eticats reapars, swea mac as OAe (Anomalous propagation). *a*,oapi.erics.0

*see clutter.0 *Angels,' or ~ve 'I dealt lifow.4

One of the nkoat implwarant coneiwratianms was to deteranine the identlity al the targets amd

%hether they were all of the same Vilis. A very powerful tocIin us his effort was the eoherrais

video out of the 110 phase detector as viewed as the A-scope. The antenna w-As Stepped And *
allowed to searctaLagti at as asinwb commutainng the undesired taggrts whilv the A-..cope -ass.

viewed. F~giauro J shows seta clatter sit abort range. and two of the typical undesired targets at
lawnger range*. The ra..gev scale has been *%panded so that at shouws 4 to 20 amau. is or der to

ishaw greater detail an the regioa viesivd. The sea clutter to seen to have noisy amoiti&d. chat.-
acterastaca. nth tilphotograph waia take* under very wutdy conditions and is one, of tb. very ftiw

~~ * obaervatisns of actual sea clotter during the eat.*

tire year a: this experiment Cve, wider these
3 ~unusual conditions. sea clutter ts a.-isiblo only out

f ~ Lto about lz n-int. usually, so sea clutter at allI ¶4.; 4fa ubis re at this site. Invwat~gativn of the typ-[ acal aindesarvd targets shows that each iss2 die-

crest target hating a pu lse le~tgth vaq"Ia~ to the
(W o If~ N F$.2 ot transmitted Pull# lengt0 - that a2. Ves-b as OSsen-

t'.01lY a point tartet. The cohteretnt V..Iro varives . . .

$1044 OW h@(f1%lil Welle Opprwaell kVAWGI J)0 in sWi'uade from pulse to pulse as the phase ' . .

* I SECRET
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c daatga because oif 0i ere in range. whitit uAahatre that ea"l a~ moviag tarW pt. Frm shjeer
vu of no pmular shape oim the A-ceb and measurement of floppier frequency shaft usminga

gateed pulse strei, hvr tbnaucarb ,tettertiA u"la %"vdual targets. at is apparent " coca% targe

Meha a ,Lavtr~ vviocity that thasaliv is a sonavs-ana random nuner. and te Movcaft 6"geu
of,"n kaum quite ajaffereni' red:%[ veloitafic.

Meaurmet '(lh tueOwloerfrequenvy wouldbea measureoftrue ra" velocitybut.

60 Lots mesur-men ofsped A chrefaavamiguddous withe an ambiuty, and r~i ate abutul

40eat. Me~asu remenaat. ofi ha. ar so [Mleer erifed by ands.niltremem roug elpeed ande adie7
rag aeo h A-cy o wearet sca-m-doresolv the sp~eed fambe Sec. By-Oti nosvtionitwas a

varaiou azimuaths indicated thojt musat of the targets were of die same type. They urre observeA*
toI remain un the N-am of Joe ecar4 hiaghting anivtma fo aS3 little as a Wew Second*. and sometimes 6 6
fur as ',vq as oe~erutl minutes. The sesan-hy-scan mwovis show that many ofdite indvidual tar.

* . g~ets are duak .rt.ble for an hu-w trw mtre. although usually they would not remain ma starch.
lighting beam (or rvvn an sinrevastaIlt fraction at that tame.

3.A Dtsaa ad Sessional ariatloion

Ibigdetermined that the targets tire mostly -j the same tv,.the weart pionsdang was to
deter iatn., the dulsrnal anti seasonal variations of their occurrence. The personnel as The site
stated that most cluittti of this type twcurs duirng the simmer monlths, but the exacst variation

was not doetamented b. records. Txj a period
of a year. %eginnuag in Decemhee 110A, many
days land nightts) have bees speft observing the I'

3'PI sctop an 1171 Presleinattes for thva-nal war-

istians. and Many periodic andl acto-by-ecsn
pthotographsu have been 'he. wsic 24-acur

periods. The present dast thereinto show Vew

diurnal vahaatauns appeossmat&1V day a
week fov a year.

In general. thlr* are m-wc alth~e targets-
diuring the summer months thug damug the win-
tee. Except for certain periods in ta* spring
and all, there are usually moire ~qtmav during.* *.-.

11.. Pt psminslmif ATIciee te ypisi davv~gta hwirs than during the nagb. rigure 4
e;tWI day (lO-6.64. nifg. mwkii.a

show& the daytime distribution as a typical win.-
ter day. The rregiowi at on arionituh of 120' seems to be a preferred region that varies somewhtat0
i n astimuh anid %ar~es in range triait IS tqj IS am.v. although at tames it Intends be Od 50 .mh. :

* ~Thais reg.on has tparn ilA.c r~a'd thr ... ghfout thw perioad of the vtperame~nt. Atlempt. base bee"
mnatr io find some sairface aultamuamoaisqawtt OWa might explain *.he pteferr"c. 11,0 the bydrographic

SECRET
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chatts shea.' up I"10 fathojtis of iutter in Thw yreferred "liton. L,.-Al p&WLaa AM fisheratet. &Cate
that the waler is L-.sua~Iy rougher &A th:s' region th'.n ln surr 'und.sq. arras. probiably becasue o(

iltteactatao at oppoemin curteotia.

Figures 54a) thrmcih 54d) bbow a sequence, of pac.iazes aA 2 1 -aumbeie ivaoraalis catopssdeati

sttrm n 4 rerortary "ý'?. On that date, morning *walight sajrted at abo-.t 0648, IS tingles

before the first picture. In F:g. %4a). the t~p anJ "wrist"if the Cape are plainly outlined by the

auidscred targets. In F:g. Sib). laken 21 rainutes later. h'e outline is no longer visibale. and

tarreta are seen beyond 20 n.mi. at xr.-Anv uzzimgvths. jlak>re Sijc) is S minute* before sunrise

anm Slits even greater spread and density. Figure Sid) is 16 or nutes after suns %at and shows
the continu~iml; spread. V~ewutg th:& saane period or. the scan-by -scan mnovtes shows that the tar-

grts that first appear at the snore of the Cape travel in jouro-imateav straight usint their over

spreading of thbe scroe. Daring the day, there is a general milting around. wilth usua.ly a genevaJ
drifl component in The direction do U~r sirfaa-e wiriJ. In the evening. the trend is toward the

Cape.. but at is not so miarked as duarmig tbe mnornivil outuArd rush.-'-

F~ir~shmws a RAPIS dL-sp~i on a w~nter aficrncja. The .srige sx Vpruxiratly 50 n.mu.
fal scale'. The fCra' 10 n.mni. are gaied out in the 1l-T-Z. The tube used in the HAPP) has a
phosphore of extremely !ong persiate-ce* so thst the track& show the histmay o[ the targets. The -..

tracks to the south are aircraft that use Nfant~ucket as a turning point. The shorter tracks ace .-

the targets uinder discuss.on. The relsa~ve le.githe of the tracks ares ameasure or the, relative.

syceds. It is Linterestmin to ntoe the random ditectiawt and alh -ost uniform speetls of the wade-*
sired targets.

In ther spr.atg. isfoer the norm~al t-.get density has reJuced nt the evenuing. the scope becomne&
overspread with a great r.iaithtr -.4 targets with acarly uniforin dens-ty. approtichis.g froam the . ..

smiuth and heading to'sar-j the northeast. w;%b iheir densiry reducing about .nidnight. In the 'aU),
#We tIming is Somwnehat diferent- T1he targets appear somewh~at later, continue until nearly dawn,

and mnove in a general arooT.anard d:reccton. Figure 7. taken at *he fall, shows the type of distri-

bauttn obse'rved. The gen~era! d~re-,Itn of the targets is usually affected by the surface wind

1j;#AY~~~~ 0bs0cm fP;te

SECRET-
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I ieto.bttervelocity t uhgiae hn h t .Me il itr windpolalu.teir
"L¶t abten51ýn 5koswe th sufae wind.ws1 khnots.t~w A mndprnl u

Jxa threareDotor 1 th cst ndweart where lbre ame very few targets. 713a is hei
the Zet-eral motioun L~cb th as xl. tastets at the" asimithabheu radial v*acaly mo are dtr-

fore rejected by the 311 circmitry. T1ho few targe. sown at these azimuths Se* dite Mastly toflocal targets traveluing i. or out.

C. Possible ldd*Wlalo

4 ~At due point. it as appropriate to conuider what possible explanationus might be advanesd ter
S these targets. The general class of targets of whieb dieset aie mie type has been labeled

aitgolao - radar reeias from unknown or atlnethbl. arget..

1. Sea C14tter

J ~The original !%ypwthrsa of the personnel at the sito was *iAt the echoes uere sqa cheW.

widt sea clutter. In addition. there is not the proper eorr.clz'±.m with wind directiost and velwcity.I A vneit to an ADC sit* equispped with bosh I.-tad d -and 5hxi raders of comrparable sesativitles
showed tht hnthe S- drdrwas ... ervxg am clutter CotW1 .i rso. 0Le

* st- showed only diese poin't targets and so distributed sea clutter. Theoretical isvestigulon o

known sea-clutter obseri-atuns made from aircraft indicates that. with the. power sad besmwWidd
* of ADC radars. surfaco-mawuned L-band aets maboild not be expected to observe sea CIas !he. bit

y 3id a mile or so. whale, at higher frequencies it slazld be observable to great.'? rhwnges. This

. wavelength as well as with increase 01wave heigM.

taoget sr eteorin-sect reieeturns. msct areangthe Rayre ruego atL)an atopei nhooeew ofh

caps Itof possibleti rne-rpr o teta sio e observted. itaresaertcn rmbrd.Rprs

bncr o adjacenswth ratarge^as awel asmeralarte vlternares relaive to tes winods. a"e most ed to

wit eah hpohess. vidnc coceringhoizah o de trges wde dicusia, idicftoth

" aruualstlm~ f os hseCRew uw 0T
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Sew U~-~g*-*L of ~ A .o~xJ Mosonvuesam pot~d by Amr Vat. Ca-br%40 £eerc

*-Cieaw tAi-X-O & sat Ub WL M.. Labwaraw Sew bmiacuew AeIDstb A 0111.es walk*
U.Laies4 LabawswT pr rcat tw DEW time baw moorated INas a me. pill bea-e as * *~

be tosa qmmt of Wate VA4fy aawmw Alte uvw .s*Ugth of rlsav. a q""art vo wa

stA- as a a~ pmowb. to Uvo be*h sa mlally .uawipnameualy. weVld hav* a Gaae 10 11WI*~* d4jacW--1. rae" Or UW4 Mqin.

4 ~a

b Lit

A ' . a a a 'A/
a A

hiSb

dw vw.tacae ss* as Oa e ratoa fwrdar cro..sst oeu to -A # mha euwtrwee ear vsveke . ITe *-

£tcr~ a tre rn Adisk. 'Vo5 im-gitit Scatterm fro34 er IwnSb w tb Sses Com'pmrab~ois Owh ~ ..4-&:j.4.Waww'r4-A.- J. AapL ftyve. 66 t it"21I.1 Wbws* e~raumfrnweyme to equal to Ohe wovvelrtfw*,.
the iasad awe~sw~agari~ t. Wepm&ast ada uv -a~ w.~av e INas ech' Vey as%* .

gsv5 mcawm~m re-cm I%* pek conwo at o athe ra&As for a sawWa 4, omic wa) spbo.?. -

% as for a *..m-.L'ed-aater i4.*Upc-xacj epheawv. The oo~j4 crvets a'. Imoe-rtseal. bot Owe psastoa"se ...

If -4masbe curvs ate exper~rmsefta and gnatch Owe dwoeaw q&;is w*J. The wMaesrwmeul were pa. *
lassurd a: Crar. F*,ms "I Lj.sm~ -w a Harvard Vw~aiy Ito qu~natl. water uIemtaawd wiaud -

conat tue fuvt mmuLa - a cip of water kavang *Lam man a do ot .ee~staba gnuat, cases

Ot tees-s. *be bgsd * am a apher* bet mod"set ** s amsnw to cwlftwvnd mn te boutr. 7%0

AMMIC aswas..v~rer uamaais L*.a the bird bebausm ~rawV &Awe a evw.O ftwe -ea amoee I beiag~

spaeca~v ges~a hm~ h ~ as ectSeauaae 4f *0 VAaa coavotsdeif aai& II O .dI the 9
boik 9'-- do. a b-ft ame w mar.. a~prtcuea a vnwt1.ag ý*z -r- -a ad. eL:ctroc

* ~pawem. rectuw., ue..ae t..gt~ri. aAbem pattesm at *0 Ups-zo ruuow 1I.WL14 the beeeo J-A point
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41ma m n~em"a carm an bore mi a a"Ig* &sos Vdt am e IP-aZda at 14oboaec 6aiwamhimastei

a. -e I rang sa gpw a return Mfesintl N t above receiver *Aoae.
A*:ahufasL iala ueaeovibbloesea of tia fggwre. ceams~er that am F.M. bavbq a ereess

taecameabDA a muat. a. = 4laa AW va toa mb.., 1111,... 4%ndicýS%Itg aboAt 3A di tem notes).

Isi~taag a .. d be Vapecied togivea roatrs 114b above "soa at ZO %amu. Th*ie!)Sis datepac as

amil Waveeuise. cmonabdu the **quIAtatiuve "Surer ad the croaa-aectiom estimate..

* Aasthe Omperimmaw 46%a were tccudmabated. at wse felt via. to tamqate one *0%&e ofat a
bards.o Proliaera Chat lea B:ae. tx.., rJ *sow at Ccinlmraaivw Anaaomy at U.. 1. T.d m&A

k ~avid bud eatch.,. "apt aeme time at Lmacoj% Laboratory discussing the problema. It pool"

lblthe whayor paties ad the Imd Lfe at Cape Cod int te w .nwi consista ad aft glls~ and am

Ometba which are eemgarab.6 ,% *ise. Duerang the sumamter, the grai!a niiraew Im North.,,a Xem
4 ) E~agham aid are vep~bcod by smnaller gCtW and other bards. The guills kred by day. wid many

-No as 'me as NO NN. is wea. Aidtiug% diey usaually -tam* asabre preceding end during ancloem-
*mQ "*wethi. ". at"i sleep at sam 3a the ainter when. die water is %arinwf dwat Ow air. 7bear *.-

Me~bbiat are Och 111at they tend tO Orbit IA4aadivathaY 0over specific regamiaI 01 the aswftct.
each bawd %awine t~maee a privae- range from shich others are excluded. *act" whe.t ct ea .

toad muppliea are avaa!abe*. Daring nesting aoeaa... they tatad to comte aabors r"gAlarly. Vie

oft daCha feed beth by day and by %ig&^ and may feed at i'.ocha- Top speed at biati gwila swi9

dube maly be Wets. 40 and 6.) knots.

4~~3 IL a Psmers Tars"*
TOW Ps:ae lem~g* at the IFPS-2 corresponds to lilt mi.. of range. "ad &1 40 a~mm. Oe Lori.

azIa h.&mtdth is obvit 1/1 am!*. Tberefore, a amtdorms distributio of louer birds per Wrare

mile itsld Vonq~eaty blai%4 Owe M. aitha%41% a muich smaller density woul d evplhtn otheaertlod -

psttrlws. Tbsia aw a ver7 great density. and a traveler on or above %it? surface veeW ma be

tremamadot &A sbet ad a"rea an the PE'I is dute to the eoimpression, ad thoujo~ Cad.ot aqWerI smile .

6111 Owe sth &Arfar onto a few aq.;ar mickes of acope fas *. Even du"an Ur. ad ML4qrat.t.M4 < ii the erep bas, w4 beem ebeerve - t be compeielky blanked by the arrds..

On aeveral ecaaesso. :ow-altiana aircraft flight*t have bees catrvlatod with tie radra bovec.
vatimi. The data betarma obaeryet from the air have lin *eat case been conisltent withk the reawa

Palle e . A ctua l ofoda t m a an -Adiv%#Aal target is not aan ea sy am at naight at fir," apj aw .
Becamisethe aweraft io a br-C- aargfi. at eoo~.rs an area on Vie PrI almnost as large a& he view.
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partietlar bird wtU be visible to thet oborrwee. Cbvvously* %be obervur wUd am"a som of the

bards be~aiase they are rather asaa.I lI" makv not he vkAab,!e from dw S (O-f" A'.ZiU whom

relatiosa. Mosever. anal th. attastacaiai the observed bri" diatrnhouas are qsai. Limd d te.r

cosielabiai with the Abat eer~rt~~ebwbam

0. Bcaa-b7-Sma PictAmns .-.

The radars used in this es~ornusent have an azimuth scaa rate of U~ seancds gel v~wsoluAirt

Scan-by-4san movies have been made by Aroposing successive scans an succe~arke !r~aiow of

IS-mm nmovtialmrn When these filmsa are viewed an a moving ptcuar* prolectr sos6~e ape IL * *( . ~tue, scale. persistence of visici aUows examm; Lo t~at targe dt wiama even %besa Th uamber of
targets is "' large as to c~onfuse a scope observer operating an a re~l.tim.e salae. 71A. om

has been uased to determinet that ~ie~ d-zrarn.l and seasonal vartsti~ms ot these tar"et cvwr**p,,d

to ebsertedl habits of hiras. awakenang AWndfyuang out to sea dAring morning twtligla aml roramn.

ing tharong evenin~g twiltent. althoaagh the s*onetime* seem In. :'1st at dost, n athe scot~ec wo ;be

evening. The tremenduou rush .baring %he morrut~g seems to be &alu to the fact that theyý &xr aU0

very hu~ngry. During tho day, there is a general millutg about um search of foao. a"d se OV'alag
[. ~~~~~return &&mote a(a stra~gglng operatit ctao sataiý~

The otoathesward now an the fL auate evntilg da~n, thic s pring c~~sondsiatat w. irittaOt
obsrt e higatibirds rfeand bhirds restingr and to ee d &P g r esnat anru apr aThe ayndto 'anme

' Compato ngtsion othada evenisg Theta idia-rAtes ofa tJoe boin s witrte b a*< pau- a'afued- Ltang ~
00nats) wduldn thiibe nigtre spaen the ranger from predatory thats isa atimmi. thewae AOW "alokw

tq racute cto leavie CapI.e Csaod aeor 30 snigt. which spatdstes w iauthan othte invoinf u~trs obsf*

The s tia00feet flow is uth (&'rIement iith uthe 4aanservatAc tor.tak lonsstalt.?i~ a-.!ase. tact
Aumirainh b irds rr dmsenath thei avsmeatitu a sd thean plAudai.Ot Anapp ofr-t s anem.sprp

t om putahioh o f ur qadar oste sectioe iumendi ca si*otat l U Arbds are loesurntar. u,* -a~~ thagts Au

ar wul e visibl e#fresae out to ranemch greater rthae that oai, h ad areote see6w act obsre

le t is~ videent. from te in aCreatiata made the ourse of thr-a eapram en that a w--oee
rahir. b-o atedit seldo isien at irbsame sitdet.ciw,5to asheplae Ott bird. woul &ens~mAeA" a Very
lion.t ~ohic anu quth e ad ofte at oithe unaw n ocsoalyt tewn~r * tr...agt

Ore visibarsu th muc greae ran.tagets othen PI'l,2 that are nt are to - 1a3s Aramh

obitous are a~rcraft apdscttr F.gCAa' I %hter a typ.cal se~ather disapaey. It 9&4.'A4 be Bated

tMat the 0rtv Q-111VIn more of a CIA tr.batcd Target. not she% ing %A* p%.'nt characier.or-ca tha' 1ard

%hat#. Oba.rvation of the sran-frr-*cxn mtoits indicates the gvqwi-al mass mn ws iem of t A or
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starsessm. baai the mass is cemposed of rlieherrng T,

3pm raither ith.& exhbs.M SCA4-catta
Loraiiteas the bird* do. la this regard. it has ;-

be oe htthe mimbor of bird large"a do-'.

rea I. the radar site eais Pamt sevirail town

Uns ct scavefiging bard, sit the iau~m. there ,-

are very few bird targets eaer the triewr.

Surface v-sselis auac aia fishing bonst and1 .
pleasure craft are piriiiieo an ca&sdwtirbit
meriers during this aaaugmair months- Secatia.

a( *a radar's relatively ;*a ..,toff velAacaty, Fig. . ¶yp ,ti MuO .0014 0 & s,;I -e~o f VO

dithea are nc-t rew.ovst egap'eoly by to Wn MMUS. 1,:icl - w n nie tc of
fi..;to .1ibhdai&m ruathlatiy of vedw.

Visits have betn madje is varaious ADC sites. both conalal antd inlatid. and F1PhoaI ah

ha.. Ii,- abtatnid. The ouaisd siwte bhuwa disirabutiamg of targiris simiklar to those described

ab-at. The in~land sizeit A- can!y a few targets that might be identified as birds. Tleiis is led b-

aibly due to the fact thAta 151 radars bar, limited subciaatte,- visibility. and *te birds are su-
prse yq adcarn.a aFg? tm.ataasstS oebr eaehv e L..
e~qrve in regaions what, aaZ:oys ..zý.i and the grounad clutter is stetalied frooa fte radai saf

by is torventnig halls. baa ý% as-borne birds -re stull visible. .*

lumaimary at "* Me" Pratau

oan tae baa.,. of the mcaiasand 'th experimental resualts. hit s appariet that noslofthis

"orwalr tagetsobso*4ai c.. stal sites are dfu. to radar retuJrns fromt birdi. and that low

sunero targets is *s = to* winter than an the summer atCepe Cod. but hi charactirrmute
ao dependent upon teli4eof the site and the conteeqen ciAmsatic conditions. AU raulat gt

should lievi this proble= to re dearee. ad:.aaugh sates oxhabawag considerable ir'tamd rliutiw

bov* the %ITI sensitivity ~usI regions of clutter *O reduced tiat they will observe birt a only

iveesiontllv. For the 40;al A.,C radar. the bird volocities ealend almost to the first bland 4
speed. so that It to impr&,..b~e to 4. sr.ms~aat LIangt" them in the radar an 1th basis 01f viroctv.

U. SOLMM IOl 0 7~1%3 PROBLIEN

A. Roemoand c Dtrd rarssby S tape also Appaetedtli)

I Analysis of prigIo pr c:,aes in4~cate5 Ith. %oll-lnown *radar eqnataionu as ia hew radar
"poer rot'srnvii from an-! Arge*toa prcjýa-~.ono I to the radar c rose sectiont of v".- target an9ai

,er."'v Propta !aunal to fte !x. apotier of the range to Owe target. Therefore. for a torce"st

a givel raige. t#revitiviii zomr :e pecportaonal to ilic radar cross section. Zince theo @-A sU
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(a- dLuck) is approximatt~y 12db sruller tftan An F" bis (ne-a) whi is.- mtUr at et10m' -

12 dbo~l than a B-50. it in feasaba& to remove bird relints en the basis at target siz. An

approach to this methiod has been in existence fur years ia the form at SIC an many radars. 13e

traditional STC circuit. using a sirgle capacitor discharge. does not provide a gain variation

that allows; setting of a target crose section ibrtsh*4d ewer in eass"end-rmge rogona. It viny be-

made acet~nabl* for a particular range segment. but it usually hatroduces a haoe at shorte

ranges. It must be gated off at longer ranges to prevent excessive reduction of sensitivity at

long range. Thie ideal STC gives a receiver voltage gJf that waries as A * since ther received

l a order to determine the correct STC'waveform Ut. provide the proper- gain variation awa

acteriatir. the applied bias voltage most have a DC conw-onent (determined by Mhe radiar pezsas-

etera and the sixe of the targets to tie rejected) and a time-varying component proportional s

* the logarithm of time after the transmitted pulse (for ranges wherw birds existi which is not

changed in amplitude or shape during any operational adjusunents. . 0'

It is etremely important that the opersatinal &ljustnmenut consist only ad variation of th DC

* component to accommojdate to %ne size of targets expected. since Change in anipl.Tude or shape 49

the time-varying component will cause birds to show up at some ranges, or will introduce holes

in coverage at some ranglis.

pAtself-iordrthaintedT omunit incorporat Iing tepiciplsct discuss ed saow*ras eed. ftb

Grope4 andintaiceced atS installedrby bT* uiitar andescribedin Aemcim a lt arDie.ol

soprativeral exeientrctins.cDurin thet fou hsamonth com pleraeiylthenatly mapingemc tat hcaas

digur 10o* dasosanMIPIhoorponaomlda without aprcabewahe C.s)adhs lo- Figuren nI show mm is

regionsI photintographst wke n eormdll bapefo d Fig. te utl bidifernc bring t thatroes the atCv.

remohad begins aontliedn to reexctv aubro target3d bv ose ator rada dii.Ths aetigrefed to thre an

puler jsaorecrossa shectinfom about =itlato SO ngm ca l wis l se o ben moust argt hv be

reoe.The untargceceds remainsgtale tbe bouth miiand sAnd' cieilian 11se adlesu whomi are tugien onV

usthouth verCape in-Ctod. Duraing Owour bynthsant operat1')ion. 1 ithe only wisutwaa thet tubs

alaer ofd birdsappled toreectar t~m hrge.t 30 to aboe noi ted 0 mu~tt the is srett per i.ing rejct SO

and that no new targets have been iniroduced by addition of STC. Mte targets remuaiing near
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V :~ mi. atIl' t JM*ax birds Seudisg in aluseeTs af Primevaceo. The iwat ofthe targm %.

Ifigure 12 aos a plot ai the usuai amusuer ot targets appearing as the output at tkc FST-I.
in Ow region from S Is 64 n.mi. as a timcuon of attenuation at ZO *.nu_. csw4 %he STC unit. The

*targets remaining beoymid 30-ab attesuation are real aircraft. shipot and clusfter at bir%!s.
It aoilN be re..emphaaized that introuthction of this* rC Itat alloved ~~~~ ccXo

on somal a~s satralng theo toee1 inme-Iine capacity from South Truro and
Tha ithssgulmenl retaseed the capabi~lity ag&inst botaber-type and fighttr-type aircraft. -

exceld fer hign angl coverage an'figrtes ama disausaed below. ~

* C. =TatVuf

The smnumfactarer ofthde ri'S-2n provides. as a field mcdication. am instantanvous senii

tiv~rtimm control IISTCe that ts evoeoua~lly a neaiepedestal applied to 1ii71 vidto after can-

cellation. Nt the waveform is correct. the*smucb a ocblrý would be expected to gtre (in mostc
* ~~rogmaal equivalent opes -ias to STC applied at Wv. as described to this report Some ashdtucm_

trquiremse -a are placed upon the wa~veorna when SIC is applied as UlI video.

Barns o of The limited subcluttWs visibility at a scaninwug SITS radar*. target~s are suppresse"

in regions at groun clutter (sem Mlo. Appendirx CL Large aircraft targets may give very Ana~~

video relaras. and birds are eliminated altogether. In this came. it is necessary to remove the
Inegative pedestal in a degree dos -rint-ed by the sax. of Lied cluatter present. TeIMO doea,

iaby memo; ad maixig ina clutter profile obtained from a logarithmic receiver.

Saco the IF aigmal fel to the coahreas phaso devector 4to provide bzpniar video for the can-

cellation unit) is ain**atude-limited. there ts no Waormaumnis an the valideo as to the size of -

targets t1hat exceed the limit levL For inland lutes. where there is usually ground clutter in
die fitst seveoaI mailes. birda probably "ever exc~ee the limit leveL At a coastal mite. however. .

% ~close-me ha-do may give radar returns in excrea of the Limit levelI at the phase detector. In this
casedi is isipossible to remove thema at UTZl video w-zitha simualtaneous~ly removing desired r~ ..... ~

7be apPliratiam of STC at Uall video has the add.toass disadvantage that it neglectsa the nor-
oW m v ideo chnL In most ADC radars. the noraml ruide presentation a used %henever possible

b Of. At does noM have the Ices insaenaitivity Ed2e to blind speeds$ rxh~hteit~ by MTL. Applicatiaon
at IF Allows a" unit to pr ovide SIC for both normsa! vx4eo and MTl chaainies.7

TbyWV appears to he no advantage to applicat ioat UTZf video, and there art several dim- 0

* D. MT Wid Ckattet Effectsam 111gh-Aogle Comieago

Vu~trftefty. tew reduwtionadU gaina t aumir rarzges reduces the hib~i-angle coverage caps-
biusles Ut of e radar. a& discussed hi more Jetail maAppendis C. The re4.ictian is not agenataant

4 ~~~for large targets samh0a baombers. hat it is sagwu!&c&amt !or f~giater aircraft. In the SAGE concept. * *
sinew fighters art tracked by 1FF. the reduaction s ba ig%-":*g coverage as a-cep~ble. It it were

Ovad.0 w J. J. Ms't~e and J.C. N.160lnd. beowam*0 D anu (IS Apy lIM. ~ .*
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decided to #U¶.sj radar rewaris for the trac'king of fighters. then it would. be des~rable to
minssmiz, the ftgti-agle los.e by meansof an STC max~inum-onintgw gate, as discussed Lit

Appendit &a C and 0 and included in the Lincoln Laboratory wunt.* 0
SuuU% Truro is a speri.- case In that there is Very little ground clutter at short rasige a

any asimath. ;n noat seaccoast roara. there is worry Little grountd clutter an the istaward side.

Ino regions of large g.'ra~nd clutter. however. even Large a~reraft targets are auppresqed in the

UlTI video beea-ise of the finite aubc~utter capsiba~ittes. Thut. high-angle coverage. which

depends upon oeving a ta-get on the *skirt' of the beam (the Go-1."'t,4 cosecant-aquared region).

Is reduced lby grounsi clu.tter in an XITI radar, even ttnugh the gro..nd clutter cancels well and*

dors not ontreed-j~e Wad targets. (*Product lImprovement Proposal. AN/FPS-1O T-Z690-S.0
Iteviix Kd~u ~ pp. to i. gies aqualt'ive discussion of this efecid) The important

relatsotunhip betwseen STC and ground clatter is that. if the. ground clutter as large tough to
auppresa bird targets. which it as observed to do usually, then introduction of aet Src gain reduce.

tiost that would joist auppreas a bird target az a particular clutter-free range wit!. not reduce the
ground clutter aut-riciewitiy *0 have an appreciable effect upon the subcutter visibility. Thus.

Introduction of b~rd-removing STC applied in the IF preamplifier before lim'ting does not intro-
duct additior-.al supswesaion of high-angle coverage in ground-clIutter regions.

High-sange com, rage could be regained by return to the concept of two beams, Where the ..

lower beam would Include STC to remove birds and %ITI to remove ground clutter. and the upper .

beam wrould not observe either biros or ground clutter because of their low alttude.
Other researches htave lee to the proposal of introdutction of a !ogarithmic receiver to come-

bat noisy weather an~d aome types, of chaff. Existing logarithmic receivers will not function

properly with the large gain variations necessary for STC. It as therefore desirable to separate

the IF for the normal and ATi receivers from that to the logarithmic receiver quite early in the
amplifier cha~n Weort limiting occurs on any targets of interest. In such a case. the STC should .'- -
be applised to the IF for !he normal and X.lll receivers after the branching takes place. .. '.-

tY. RECOMMENDATION

On the basis of -be informistiom discussed in this report. .t is recommended that all seacoast
radars for tia !oaer beam of multiple-beam seacoast radars) and all other L-ha;"d or higher.

frequency radars experiencing difficulty with bird echoed shmild be equipped with STC circuitry
aplised to the IF preamplifier. The STC wae-Iurri should cause the receiver voltage gain to

vary asa R and to have alterusation appropriate to atoo site and the radar. The STC in a single-
beamt raidar ahuvald ha e, an adjustable cu'off range lo optsnimize high -angle coverage. The tradi-,
tional single HtC 4;a..harge networa comriunly used for STIC does not provide acceptable operation.

I'is imwortant to remember that v~ rC has its optimism utility in removal of individual point
targets. If ground elutter. weather or oth,-r distributed taricts - or targets ^omparable in sile

to ther desired targets - are to be remnoved. other techniques should be used.

14.
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1%0 cvsiu'ulled at&#** of the IF peampidaklLer of the AN/FPS-20 are two S69/6AKSW

aniud rs aoder to amply a tam.-vzsyu-tC gaiin-coatrol volta~e. it i wecessary M replace .

k ?s.~ro rogsioa in the gain-control bus decouplung network with 10.Mcp. seif-reaonans choks.- . -

The gan characteristic has been measured &Ad as presented an Vag. 8I-1. where the abscissas

ore bias veltage, and the ord~nates are gain an db above . -

I_ _ _ _ an arbitrary level. It is seen that Vie gaumin anb varies S S
- linearly with biaas-voltage change over the region in

'1 ~~kick the preamplafser in usually operated. This .:1 menans -.at the voltage gain v ar.sa an expcoe.....
* Cu,,ctaon of the biaas-volt~age increment an this regionu

A~~ a n
I~j-wbere A as the voltage gain. Kitis aconatst.ant s i

determined by the slop* in Fit. B-1. and 8 is the bias

2 a -. -voltage (negativel.

I The Wdeal STC maintains the output voltage cont-

1 I ~~~~~Stunt for a target of a given ernom section. regard- __________

I I less of range. The radar equ.~tties tate* thatl the
Ireceived voltage varies as:

a.I 9 .G in hrC;; fWV

ps..ylirw of AN, YPP-20.

wbore, Vr is the received voltage. D as a constant dwterrmaned by the radar parametera. i s the

laget radar creass section. and R is the ran.r to the target.

The reveiver nutput voltage to

a r*AD
4

where A is the receiver voltage gain, and Sis to be held conotant for a given a. Solving 411

fuar A gives

Vo R A

irA..xt 441 is wbe equated tu.&:q. it) for the FPS-210;.*:

T".g atg e nmarjral logarithm of boith sides gives, after rearranging terms.. ..

9 In ~-, Inv * ul nR~*~*
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Zqaation 141 shows that the de%&red bWaS volftag contains a DC -erir *hat depends elsa radar______

parameters. a DC term that depends upon the gain charslteristic ul thoi cc-atrolleA stages = 9 9
* ~~upon the de..red target cross section, and a tifne-varying term nlbose ar-44itu~de depedssi

the Su charaii enstiac and who"e shape war&** as the logarithrim of r=Wj %o Ioganlith at time

after the transmitted putse).

A comgiar:soa of the logarithmic curve with RC discharges of varsous time conolseon swuo

that ~t~a 4 nt possiblo to match so accurately over a large enough rant@sinuteva I o reasom h-roft __________

effectively. However. the additiOK Of two capacitor discharges having d.akharge time ms¶ 0 6 6
of 40 and 400 paer. -espectsvely. produces an acc.ept1able SIC votitae f 3r the regina from. J0 to

2 M~pas. F'.pt -1 -s-6is; a plot of d.& two capacitor discharges. in~etZ:er with th.e desired l06D.

* ~rithingi cisrve. The points shown are from addition of the Iwo discharge aurves. At very shme

ranges (extreately low rerri'.er gain), the receiver ckarscewristic departs from Ieexpmtental

fo a. ad TR recovery also changes sentsitivity. kece th gai deatsfol desir.ed gain____________
somewhat mor, than Fig. 8-2 indicates. f

No ~~As discissed in Appendix C. the e-parture of the synthesized curve beyond t.100 poeist sa
serious. since it is not desirable to apply SIC at that range in sany case. Investigation tarn- .- *

tunisialg as to the :eneral applicability of the linear db gain vis bias-%oku~ge characienwsUc. is ....

*rder to determine shether this shape ;n fact applies to other If auinpldiera.

OW4

P~ .. AM.,ln of t.0 esPeelt daishege, is GNppnfise a I"WOqgw cure .
1.h i~a d;cfted po~f.n we 'he euult of adding fte "wa ses curv" .sM theo eI Slus b

Ase l"i"grA . VSe~ Pmeffsloififf loin mensitivity ks n&a 2I W W04 of~ Wetbl
* Idspautwefrom Owe des94ed 1o~w~tk. b-f 0. 1 volt cow2m edeperns. ingsit al 2.8&

In sp rism, sfiMod DC isda ft *18 cur"e to deasOnisu Io"p u46.
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APW4DIX C
BIGM-ANdGLU COVnRAGR AS AFTECTED NT STC

Figure C-I stews the approsamate roverage diAgram for a H-SO. The solid curve to the

coverage expected in the babs~ce of birds or ground clutter. The reg.,t shown vertically shaded

is that ahick woula he lost because of birds on en average day. On days ot annmsinhos upropoW

tion. the birds are ofnen visible to 100 nama.. in whiAch aw thet vertically shaded region would

have to hep extended accawdingly. On 4*ys of extremely anoinalous, priipogation. birds haew been
obserwJ to be visible even farther. to e-drs, for the- ei~ireine radar visibility to occur. it is S *
necessary that the radsar energy be trapr.-d in a wavegutic&e-like contditiot, in whicb casie the sig-
Ral strength falls less rapidl~y th~an IL'A. On such a day. STC may give aink-iv mprovemeont. Just

so Oe~eaa' solul:oa is readily apparent. sinct the ductis% is allnwat certain to vary as a funittion

of&imuatntat and the SIC character:**.c would have to very inconformity with it in oriler to re-

move the birdase~w4pletly.

In av-!er V' %kcternuane the e4fec-t of %X. upsn the aovregse, one first, determines the range 0 0
at whiack the target being rejected falls below the detec-tion ithreshbold. in the vase of rejection

of targets )0db above -noisite at ZO n.mu., this rsnge is approximatel 9S a-mi. -he coverage
* with SITC is thena determined by drawing a dashed line from the exrected covetrgi.' curve at this

* range to te origars. as in FPg. C-11. The region lost b7 apniscstion of STC is indicated by hari-

zontal sliid-ng. and the region lost eitiser with or without STC Is shown as daavbL-asded. fros

the aircraft under consiaderation. the net effect of ZTC is to recover the region shown only vet-6
tically shaded. without adding any loss that would not alre,.Jy exist because of birds in the

absence of SIC.

Fitire C-21 shou* the case of a fighter (F-541). in %hich the adlditional loss cluie to applIcatisia

of STC bevyond the ranite to which birds are visible (the bird horszoni is apopreciablo. For the

present SGE concept. this rather serious coverage loss is acceptable because fighters are
tracked by means of IFP. An increase in radar cover&,&* for fighters r iy be accomplished by0

manesn of a gate that turns off Jie STC action beyond the bird horizoin an.4 is ad~ustable to match

the STC maximum range to the bird horizan fov the particular diy and anomalous, propagation

conditions.

Vhnthe STC is thus gated off at the bird horizon. no coverage is lost due to STC that was
not slr eadir missing because of birds; instead. '.angecoverage is increased even in the pro*-

ence at bards. 0 0
Figure C-) shows athe expected roverage diagram for a bird target U.Zdb below an F.06 in

cross se.,non. Sinc~e no coverage is seen at 19S nini., the equivalenit i.E the dashvd lines is

Fags. 8l-8 ard 9-2 removes the entire coverage. as expected. In (&.:t. STC of 26-dis attenuation
at 10 n.ni. wouldl remove thi w*ail diagram. Thei difference between 26 and 30db is due to the

qp~alitatuve nature of the cross-section esumtiate.

Since the birds are primarily at very low altitudes. one might expert that as they approach

tie silte they move up ;nto 5 different region a( the antenna-gain pattern. One would then be
.i`,pted to tailor the SIC to al!ow for this sectind-oriter variation in received signal. Sirce"te.'.~

SECRET
......... ...... . .. . . .. . .. . .



-. -- _ . . . ... . .

- I SECRET

ba'da "- • we o are s, ey Z a e are- in rvwgm whef ther-e ts appreciable Lbmng ae Ow ""TeWi.

pattern .-a•ad by ref2l.cttons cr energy from the earth's surface. This lob4ng var3*s a. a fUnc: .- -

of as-mith bcause of variation, in terrain. AA mentioned 5n Sec. HI-C with 'tspec. to la"er .

prl.le. '.st•ahng ut control waveforms to ezimuth variations uua- i-s O't feastste at ash

cwrating @.to. and the second-order improvement would nct justrfy the great utcreas* w

comploxity.
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APEN 0

-- kf'XRA FROM DE C DNTM MWWA .

C. ~ ~ ~ OCUIMQ V= £XE?473 2MrcDSIUTO -u

* Th Lacomim La&m,-gtuwy STC unalt WI. D-11Ma a. omV-emntamed inmm* *nvt omUqeb SiT a

6100 IVP!aCes te. soinuim~-gain conlrul provided with the A~dijPS-.b. ueTh. isICoc~ omminpra
-1)m.m~.c ,. and 0-I1* ~ ~~~A. tgr rdzr

p in. trgger zt~muaru~zer consists o1 tube VI and pulse Irarmsfornarv TI. The fm-m oV of
VI c~ueafvth a-sten.-triggr to the blockwig ascillavor (acco-d serumn of VIA"bosidaeines ait

blocking o~ncaluz11-m.b the .vtput circuit. The bWocking.oscisi~tor ronverto Ow smy trigger

4 .~. . .. ...
F;g. D-2. LItec.Iho~eoraio SIC ft".
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Su a pla of or a,

UPi P's-" Lnfg* C4 lay blochiug asicll~astuev DIV spoaamately 7 .osec an dviterwzald by the
&asiowj #n j*0A mA 8,41f4i a umWt m 1, .4 To, (The. IrsnallbrmIr 711 Is &web dwa MAY~

71W5 trigger for V-9 Is talwe from terminal 0 4 T1. and the STC ceapeio or* r ctArged ftess

lifpJ~ild.4of 71. The INY3 (D.11 acreso SAh rilpe my poosti.e overshoot that intly occur.

thwo A*,r-ag laropv charging a( te S=Cc4.rap . 0 0o

The targut-asetotuio PS revts Iwo a OIC voitg. *&I determines the also of the target So

be eeid

77w. gate lengdo .4 11w mialtivAW-whr .. ewir~sied by a DC vo'tae tat is delletmaued by 1PL

Tee Liaowra pr..prr triggering by tte ttejAtst ,.aeL jront, terminals I )f Ti. a ISMAO (Oil Is Placed

soolThe 1O-kdachm resistor. Me~ 4"x&. ruv ec thy charging tame of the cpctr N

0000fsrwe I lamigi uWern beAdpoolt for troe #iuliseO proergh vaito i ent hn

wr whiwo free rumsetg seira-o at the ostremes id Que SatqIengi% potenitemfeter POL

7%v 1101 MIIcagr h MSAW1wPlrt h ,oper puitenta~l during the S1C iftlrvaL.'

D.TIN. Coasteal"

7%T4he n 60pt. ome contaants or. .*erg..d L.4tougI the ZS-volt Sener, diodes DI, god

D's, %hf aaal 4 mpiwJanc* for bhargamg the SiC capacitoarswhl tftAS41A60

77w btas cDiadU.deve! we by s.a %4. mAo the 7.1.-hilcbm qit adptlethog

ofeT1. to im maintisn the diads em awegildct~ng between cagn uss

71s seer inde 14aGd D6 govern the mosimunt voltage be uwti-h tecpctr r hre

Mr~. 11or;,rqwrSIC operatioin. buds glow constants must be
Prsn .N attempts s#Kuld be ftefr to change the wv

si&Iffailure occurs. conigaswto away he replaced

hil osainged in maue.

II*adn iow~ t aneAsto of a series (re.setsene an each seto.(40poer time canlthltt

47k* ~ om h0ouuee tame riimstsflq: 47Obakdsma; multavibrater gave: 1i meg'ahmO;. target cSie:
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F. Gall Lhmx~

Is %a necerssary to limit saeiniaw-m bias (thus liwiaitng maziame gain) a order thaat noieso(

at !amg rafteq w&U no etarcmft dumskd ww rl us the w asa procesa. FornuseS oýiw P4. in

conjunction with dfieder U7. scomem~she. this tanctsom.C CG. DrhWs
The driver V 3 Is a *Ulter czAhdw follower that has ean AC outpa ijnq.daAc. of 10 ohm.

ibis is nrcossary to preselm-e the wavw shape in ther presencer of the capacrmv* loadling du.e. to -

tw dropm nele~wien~ th~e prv-,&=qidw bias ciroutry. ~

3. Mamma-Gals CAN"-

Manuali gass is acc.5mplished b Setting St to meanual and adjisnmg pateaioneW~r P4 for the

desired 3IweL

ff. OPERATIO OF Sre UWT
Moare complete, descriptions at the STC unit, as Well AS SUmtallation and operating instrac-

* lions. w~il be published in a for:%comnng Luscolat Manuel.

AC04OWIIOG"ENS

Lwas -aersoy ovw-aeU cwlso".4 a oer OR

The poemnew of G'ip 42 -we vory, hIptas~v hIn pmnwgo teenp
me. Tite su~wo elseam Wunc iw ASeepon.or, of m..ewho of

Mr. A.D. c..e. ff~ 04 ae perleemol. wiho gfets hiwelush aft;Ww
kn operatiow n %a ske~ lift wMr. AS$. Wing. who prvilded Omwien.u of

footdgcn-buma the eaawwdia.ag hem.. *r
40o se b e -- As aseeril wf 0 -;a -,peiat

iLir 2.
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